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An Experimental Test of the Effects of Inte;nal and

External Disequilibrium on Spatial Reasoning Development
1

Piagetls notion of a change mechanism, the equilibration model, has

recently been the object of conceptual elaboration (e.g. Flavell & Wohlwill,

1969; Langer, 1569a; StraUss, 1972; Turiel, 1969). The present research

attempted empirical test of a recent elaboration7by.Sidney Strauss (1972) in

an effort to delineate several aspects of disequilibrium states which may
o

lead to more precise specification of the mechapisms and conditions under-

,

lying developmental advance.

Strauss and Others (e.g. Langer, 1969a; Turiel, 1969) have argued'

that while the course of development can be broadly characterized as move-

ment from less to more stable equilibrium states, it is the child in

disequilibrium who is most likely to acquire, new infformation and establish

a higRer:order equilibrated state which' reduces disc quilibrium. Just as

Piaget (1960, 1967) has emphasized both external and internal aspects.of

structural stability, so has Strauss (1972) presented an analogous dual .

analysis of structural instability: (a) external disequilibrium refers to

the interplay of current structure with discrepant environmental events

and,(b) internal disequilibrium refers to contradictions within the existing

structure itself." External disequilibrium arises from confrontation with

events somewhat in advance of the current cognitive state(e.g. Bruner, 1964;

#/Inhelder.& Sinclair, 1969; Kuhn, 1972; Smedslund, 1961, 1963; Turiel, 1969),

but motivates attempts at adaptation to the more advanced level only when
0

the discrepancy is recognized (Langer, 1969a). Internal disequilibrium is

operationalized as "level mixture" (i.e. a tendengy to reeporid to a v iety

of events at a range ok-several different reasoning levels), and is therefore

thought to increase the likelihood that discrepancies from the-MI5at common

OT modal level:will be recognized (Strausii 1972; Langer, 1969a,b).
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In previous research, both external and internal aspects of disequilibrium

have been shown to facilitate developmental advance 'under certain conditions.

Numerous Piagetian training studies (see Brainerd, 1973; Flayed 1970 for

reviews) indicate that experience at a more advanced deVelopmental level'

can lead,to improved performance on the trained problem. EvidenCe con-

cerning the relative effects of different external disequilibrium levels

4111

is found in researcbexamining moral development (Turiel, 1966) and child-

ren's object classification styles (Kuhn, 1972). In these studies,'a

subject's developmental level of moral reasoning or object classifica-

tion was assessed prior to training. Moral judgments or classification

schemes were then modeled at one of several external disequilibrium levels:

one level below the subject's (-1), the same level as the subject's (0)

1-

(Kuhn's study only), and one (+1) or two (+2) levels above the subject's

1

own. The effectiveness of treatments at various levels iefacilitating

4

advance differed significantly: +1 was superior to +2, both'were superior.

4

0

to -1 (and to 0 which was similar in effect to -1 in Kuhn's study), and

-1 °induced onlyiminimal regression. In Kuhn's research, of those subjects

exposed to +2 and who'advanced, most did so to +1.

Limited evidence concerning the effects of internal disequilibrium

and the interaction of internal and. external disequilibrium may be derived
4.

.from post hoc.ilterpretation of several Piagetian.training studies in

whichkfitransitional" subjects were identified prior to treatment (see

Strauss, 1972 for a review). These studies indicate that transitional

.

subjects fend to benefit more from training than do nontransitional sub-

jects. To the extent that transitional reasoning, which muqt include

aspects of at least two different cognitive levels, is indicative of

. 30004
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relatively greater level mixture, this research suggests a differentially

facilitative effect of a single external disequilibrium treatment across

two broadly-conceived levels of internal disequilibrium.

bespite their joint centrality in attempts to conceptualize mechanisms

of change, very little previous research has attempted to examine both

,

internal and external aspects,of disequilibrium. The present study there-

fore atte'mpted to investigate several levels of external disequilibrium

) and
several levels of internal disequilibrium as well as their interaction.

Piaget's six-level seguence in the growth of children's map drawing

was operationalized into a scoring procedure yielding a mixture

index as well as the more traditional performance level estimate (Snyder,

.1\

Feldman & LaRossa, 1975). Subjects were rank ordered according to the

extent of level mixture in pretest map drawings, and level mixture was

taken as a measure of internal disequilibrium. Subjects were divided

into three groups differing in degree of internal disequilibrium. A

randomized within strata assignment to three treatments representing

different degrees of external disequilibrium produced a 3x3 experimental

design. ,The low external disequilibrium condition (0) provided

instruction with map drawing techniques at.the subject's preferred level,

middle external disequilibrium (+1) utilized map draWing techniques one

level above, and high external (+2) involved training with maps two levels

above the subject's own. Results from the two-factor, three-level design

were intended to bear on three sets of hypotheses:

(1) External disequilibrium has been shown to facilitate developmental

advance. Therefore, it was'predicted that the 0 condition, which presents

a minimum of discrepancy, would results in minimal advance. Both the+1

and +2 conditions provide greater discrepancy and were hypothesized to

30005
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induce greater advance, with-the +1 condition doing so more effectively

than'+2. In addition, it was hypothesized that Most subjects exposed tcd

-4-2 and who changed levels would advance to +1. These predictions follow

from previous research results (Kuhn, 1972; Turiel, 1966, 1969).

(2) Internal disequilibrium asreflected in level mixture is hypothesized

to be an indicator of sensitivity to discrepancy. BecaUse of greater variation

ranging across several different levels in the sequence, higher mixture

subjects should be more likely to recognize contradictions and more able,
4,

to resolve them at a more advanced level. It was therefore predicted that

within each treatment, subjects' with greater internal disequilibrium would

show greater developmental advance than would lower internal. disequilibrium

subjects. This hypothesis follows conceptually froim previous studies but

has little empirical Precedent.

(3) While detailed predictions concerning the interaction of internal

with external disequilibrium could not be made, the following questions

were raised: (a) Will a minimally discrepant external disequilibrium con-

dition(i.e. 0) induce differential cAnges in level mixture among higher

as compared with lower internal disequilibrium subjects? (b) Will lower

internal disequilibrium (i.e. nontransitional) subjects tendto exhibit
o

increased level mi)kure (i.e. become more transitional) following exposure

c.

to a more discrepant external disequilibrium condition (i.e. +1 or +2)?

() Will higher internal .disequilibrium subjects tend to "consolidate"

at a higher developmental level following experience +1 or +2 levels from

their owrimode, thereby inducing decreased level mixture? () And finally,

what is the optimal )combination of internal and'external disequilibrium
\

levels, i.e. which'combination results,in the greatest developmental

advance ?

(7,
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Subjects

Method

--"T?

Subjects were 96 fifth graders (46 gir p and 50 bds) attending

',standard.classes at the public intermediate school in Branford, Connecticut.

Sample mean age was 10.70 years with a range from 9.92 to 11.92 years. 1

Pretesting

The Verbal Meaning sub test off the Primary klental Abilitied Test for

grades four through six (Thurstone & Thurstone, 1963b) provided IQ'estimates

for use in matching"subsampias. Parts I and II were group administered

(-#25) and scored following the procedures outlined i the Examiner's

Manual (Thurstone & Thurstone, 1963a).

The principal pretest measure was a Map Drawing Exercise adapted

from Piaget anti Inhelder (1948).
2

Briefly, the Map Drawing Exercise

requires each subject to draw a map.of a miniature village landscape. The

__scoring system is based' on Piaget's six-level sequence in, the growth of

mapidrawing,ability (see Table 1). This procedure was used to evaluate

the subject's level of representation (from one to six) df five "feature

clusters" thiough the utilization of four "spatial concepts" (see Table 2).

Thus, each map drawing yielded a total of 20 separate scores--(five feature

clusters) x (four spatial conceptp)=20. "concept/feature" scores--each of

which in turn may range from a score of one, to six: Objective scoring

was facilitated through the use of accurately-scaled transparent plastic

overlays and a detailed series of decision rules (see'Snyder, Feldman, &

it
LaRocca, 1975).

Insert Tables 1 and 2 about here
momme*ftweiwim

30007
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The 20 scores were usedto compute the following three indicies:

6

(a) a Map, Drawing Mean, calculated by summing the concept /feature scores

and dividing by the total number of scores (typically'20); (b) a Modal

Level, assessed by examining the distribution of concept/feature scores

and identifying the most 'frequent level.. In cases where no clear mode

existed, Level Mixture was calculated as described below for each 'possible

mode, and the one yielding the highest mix was chosen (after Turiel, 1969).

(c) Level Mixture was ca culated by multiplying the mumber of scores at

each level by the number of steps separating that level from the Modal

Level, and 'en summing the products (Turiel, 1969). By convention, this

sum is multiplied by 100 to remove the decimal point.

Partitioning the Sample

All 96 pretest maps were scored by an assistant. Interjudge agreement

on a randomly selected sample of 21 maps (the senior author serT,1 as

second rater) was 83% across all 21x20 scores Disagreements--none was

greater than one level--were discussed and those scores were adjusted.

Only subjects at Modal Level three were assigned to experimental treat-
,

ments since.too few subjects at other modes were represented across the

high, medium and low Level MixtUre groups. To approximate equal numbers

across these conditions, nine low mix subjects at Modal Level three were

randomly excluded from the experiment. The remaining 63 subjects*, stratified

by Level Mixture and sex, were then randomly assigned to the three treat-
-,

ments: high, medium, and low external disequilibrium.

Analysis of variance on the pretest measures indicated no significant

differences across external disequilibrium conditions prior to treatment.

However, thete was a significant- difference in Map Drawing Mean among -
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. .

groups divided according to Level Mixture (F2,54 =3.34, 2.4.05) with

higher mixture associated With..higher Map Drawing Mean (Table 3); a similar

difference was reported by Turiel (1969) in his research on moral judgment.

Independent group t7tests comparing males +th females on all pretest

indicies indicated no significant differences associated with sex of

subject. 41
Insert Table 3about here

Instruction

Instruction was co ducted in two separate sessions, approximately

ten subjects 'at a time, under the supervision of the senior author and

a female assistant. The treatments were designed to induce low, medium, or

high external disequilibrium prough experience with "target" maps'arawn

at the subject's own Modal Level (0 or level three), one level above (+1

or level four), or two levels above (.1-2 or level five). The general

training procedure as describe]' below was followed in all conditions.

During the first training session each subject received.a target

map drawnat the selected level of a second landscape and an activity

booklet: Subjects worked self-paced through the activities which were

designed to require comparison of the model to the map with respect to

qualities of the target level (Table 4). After completing/the activities,

subjects drew their own maps of the second landscape.

ISM miy110.
Insert table 4 about here

0110.10010

On the.following day in the s4ond training session, subjects received

the same target map, a photocopy of their own map from the previous day,

and a second activity booklet. The activities again encouraged comparisons

among the model and the target map, and now the subject's own map as well,

again emphasizing 4e target'levelmap's characteristics.

4 9009
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Posttests and Transfer Measures

Posttest. Immediately following the end'of the second instruction

session subjects drew a posttest map of the original landscape model;

instructions were identical to those in the pretest. The assistant, without

knowledge of treatment.condition, scored all'63 pdittest maps. Inter-

judge agreement on a randomly selected sample of 20 maps was 92%, and again

all discrepancies (none greater than one level) were discussed and adjusted.

Transfer. Two additional posttests examined transfer to related

spatial reasoning tasks. Horizontal and vertical systems of reference

were assessed with adaptations of.the "objects on a slope" and "rotated

jars" measures of Piaget and Inhelder (1948). Each of three "horizontal"
%

items (e.g. the plane of liquid in rotated jars) and three "vertical"

items (e.g objects on the slope of a hill, a plumb line in rotated jars)

was classified according to the sequence outlined by Piaget, and the mean

of the six classifications served as the subject's, transfer score on-this

measure.

An adaptation of the "three mountains" task as descrIbed.in Laurendeau

and Pinard (1970) tested subjects' ability to adopt a series of perspectives

other than their own.' A video tape display of .a three-mountain model,

recorded from the "child's eye" stimulus. A multiple-

choice answer booklet contained the/following types of schematic drawings

as options for each of five different vantage points around the model:

(a) the correct view; (b) front/back correspondence correct, but left/

right relationships reversed; (c) left/right relationships correct, but

front/back correspondence reversed; and (d) the "straight-eon"''or "egocentric"

perspective. The correct representation was scored as two points, the

_39010,
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egocentric view was zero, and each of the "semi-correct" representations

4,7

received one point. A sum over the five test positions was the subject's

Perspectives score.

Delayed posttest. Approximately five weeks after the immediate post-

test, subjects drew a third map of the original landscape model. Again,

the assistant scored all maps; inter-judge agreement on a randomly selected

sample of 20 maps was greater than 90%, and all discrepancies (none more

than one level) were di9cussed and adjusted.

Results and Discussion

Pretest group differences associated with Level Mixture made

standard analysis of variance on posttest and delayed posttest Map Drawing

Mean scores inappropriate. Since,the degign of the study and the Map

Drawing Mean scores met criteria for covariance analysis (Cronbach & Furby,

1970), results reported for posttest and delayed posttest Map Drawing Mean

were calculated by analysis of covariance except as otherwise indicated.

Hypothesis 1Effects of External Disequilibrium.

The first hypothesis predicted that (a) the 0 treatment would not

induce significant change; (L) the +1 and +2 treatments would facilitate

greater advance, +1 more effectively than +2 and () ofthose subjects

in the +2 condition wbo advanced in Modal Level most Would advance to +1.

Results bearing on Hypothesis 1 are presented below for posttest and ,

'delayed posttest maps, then for the transfer measures:

Posttest. Analysis of covariance adjusted scores on the posttest

Map Drawing Mean showed a significant main effect in the predicted direction

associated with treatment differences (F2,53=11.87, 1)4(.001). As Table 3

indicates, the rank ordering of raw posttest score means was +2, +1, 0.

0 1 1
a
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Internal analysis of pre- to posttest change in the 0 treatment revealed

a mean difference of -.008 which did not approach,significance by dependent

groups t-test (t20=.177, 2".50). Thus the 0 treatment, as predicted,

did fail to produce significant advance. TWo orthogonal 1 df contrasts on
/.

adjusted posttest Map Drawing Mean scores indicated that while +1 and +2

together were significantly higher than 0 (F10323.60, 2..002), the

+1 versus +2 comparison revealed an insignificant difference between these

two treatments (F1,53 '
=.16 2>.50). In sum, while the data supported pre-

-

dictions that 0 would not induce significant,advance and that +1 and +2 would

k

facilitate greater advance than the 0 condition, the prediction that +1

would be more effective than +2 was.not supported.

An analysis of variance on mean posttest Modal Level (Table 5) failed to

_indicate a significant main effect of ,treatment (F2,54=1.322 .2.>20),.but the

pattern of advance as shown in Table 6 was in the predicted direction. In 0,

three of 21 advanced while in 3+1 and in +2, seven of 21 advanced in each case.

,
.

All subjects advancingin.Modal Level after treatment did so to level four,

i.e. to +1. Assuming the null hypothesis--that among +2subjects who advanced

{n=7), movements to +1 or to +2 were equally probable--it is rejected at

the .007 level by binomial-theorem. ;Thus, while the analysis of variance
(

on mean posttest Modal Level did not reveal a significant effect of treat-

ment, the pattern of advances was in the predicted direction. The prediction

that most of those subjects exposed to the +2 treatment who advanced in

Modal Level would move to +1 was supported.

Insert Tables 5 and 6 about here.pme...mm
Delayed Posttest. .Analysis of adjusted, delayed posttest Map Drawing

Mean showed a significant main effect related to treatment differences

(2 51
=8.85, 2,<.601);- the rank order of unadjusted posttest scores was

6

U o,1 2
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+1, 0 ,(Table,3). In the 0 condition,-the pre- to delayed posttest

4

11:

mean. difference of .001 was nOt,significant (t18 =:019, 13'7.50). Internal

-

comparisons by 1 df contrasts on adjusted scores showed that the +1 and

+2 treatments together were again associated'with significantly mare

advance. %hart 0 (F. 51=
17.49, p(.002), but did not differ from each other

4,5122.i.? 26, p>.50)..

'.In contrast to the posttest resultg, analysis of unadjusted delayed

posttest Modal Level (Table 5) revealed a significant treatment main effect

XE2, 51=3.62, IL(.04). The distributi advances is shown in Table 6--

. ,
two of 19 in 0, nine pf 21 in +1 and, nine oe2I in +2--departed significantly'

,

.

, from:chance-1n the'predicted direction (IS =6.205, /0:.05). 4. dependent
2

.

'groups t-test:demonstrated nonsignificantchange in the Ofecondition

d.
.10k_ t=1. Two orthogonal 1 lf contrasts on raw scores

-indicated that while the comb ned +1 and +2 treatmentslaCilitatedgreater-
o

y
advance in Modal Level tha did :0 (452=6.95, 2.4011), +1 and +2.were

again similar in effect ( 52=.014, j.50). Unite all subjects advancing

Aid so to +l, -the null hyp thegis that movements to or to +2 were

equally probable following the +2 treatment was 4.1tA'n rejexted by binomial

theorem, this time at the .002 level.

Tranifer. The,patterns Of scores on the Perspectiveg a:nd.SySterns

of Reference transfer measures were in the predicted 'direction ('Table 7),
Cq

tut the analysis revealed only nonsignificant contrasts atdociated with

treatment.' As prior ranalyges hadssuggested that the' +1 and +I, treatments

were SimiAin-their effects the sample was Collapsed across=these two .

conditions and an analysis of variance was co ute&ipn,the resulting 3x2

table.. g4hile the main effect due to treathen mained nonsignificant on

the Perspectives measure (X0=3.53, Xi.1,-.1.2=4.92; R,C.12),
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approached significance
41kon he Systems of Reference scores (X00,470

X40.2.=3.78; F116.3.77,1y(.06). Both distributions were then standardized,

and-a second 34 Ahka ysis of variance-was computed.With mean z-scores.

. '

This analysis revealed a significant treatment effect in the predicted

direction on ,the average of Perspectives,_ and Systems Hof Reference z-scores

(X0=-.314, X 3,..1.2=.158; F1057=446;24:..04), thus providing limited evidence,

of greater transfer from the +I and +2 treatments than from the 0 condition.

0111=1,
1+ Insert Table 7 about here

1

Hypothesis 2--Effects of Internal Disequilibrium

The second hypothesis predicted that within each treatment, subjects

with higher internal disequilibrium,(±:e. higher Level Mixture) would

show greater deVilopmental advance than'woUld subjects with lOwer internal
410:

disequilibrium. Results bearihg on Hypothesis 2are discussed below with

respec sttest and delayed posttest maps, then in terms of the transfer

measures.

' Posttest. Although the pattern of raw posttest .Map Drawing Mean

scores (Table 3) shO44...S rank order of high mix, mid mix, low mix as

predicted, this same pattern, as noted earlier, was also present-on the
4'

pretest. 'Analysis of covariance adjusted posttest Map Drawing Mean scores

failed to demonstrate a significant-vain effect associated with Level

1P,
Mixture differences (F2,5°3=.374 117:45), Thus,-the predicted differential

effect was not found with respect to mean performance on the posttest map

,drawings..

The analysis of variance on posttest Modal Level (Table 5), however,

revealed a significant main effect in-the predicted direction

, 4-1

(F2,54=3.09,

2:4(.053). The distribution tt advances ln Modal Level (Table 6),-10 of 22

30014
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in high mix, four of 19 in mid mix, three of 22 in loO>inix--was in the

predicted direction and significantly different from chance (X2=6.14, 2 4705).

Internal comparisons of unadjusted scores by 1 df contrastsr. indicated that

sit

while the mid .mix''and low mix groups dtd not differ significantly (F 1,54R.51,

*

p> .45), high mix subjects advanced in Modal Level significantly more

often than did mid mix and low mix subjects combined (E1,54=5.68, 11.4.02)-.

Thus the ana of posttest Modal Level, as contrasted with Map Drawing

Mean, yielded results in support of Hypothesis 2.

Delayed posttest. As with the posttest Map Drawing Mean, examination

of unadjusted delayed posttest MapDrawing Mean scores showed a high, mid,

Ow mi* rank order as predicted (Table 3). Again, however, 'analysis of

adjusted scores failed to indicate a significant main effect related to

differences in Level Mixture (F2,51=2.08, 1L<.14). Analysis-of raw

---Tdelayed posttest Modal Level (Table 5), however, did demonstratea signi-

ficai t main effect of Level' Mixture (F2,52=3.26, ii..05) as was/the case

-,with the posttest. As presented in Table 6, the distribution of advances

in Modal Level--11 of 21 in high mix, five ,15 19.in mid mix, four of 21

mix--was_inthe predicted direction. When the sample was .collapsed

to compare high mix (11.of 21 adiianced) with mid and low mix .combined

(nine of 40 advanced), the distribution departed significantly from chance

(1=5.58, 2<.02). Internal comparisons of raw scores by orthogonal df

contrast showed no significant difference b mid and low mix subjects

F- =.6 5 1L7.40) whereas high mix subjects advanced in Mbdal Level 1

significan ly more often than did mid mix and low mix subjects combined

5.88, 2.,(.02). Thus, results from the.Aelayed posttest parallel

those reported.abo 'tor the posttest. Effects,of internal disequ brium

consistent w*th Hypothesis 2 were demonstretedal. Level ad ances but

.
not for Map Drawing wean .performance. .

90015
__,---'
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o

Transfer.. -While the patterns of performance on the transfer measures

were in the 'Addicted direction (Table 7), analysis of scores!on the

Perspe s and Systems of reference tasks failed to indicate significant

main effects associated with Level Mixture differences (F2954=.703 and

1.000 respectively, 2. 7.35 in both instances).

Negative or regressive changes. In the above results, analysis of

posttest and delayed posttest Map drawings reveale a significant main

effect of internal disequilibrium on Modal Level, ith higher mixture

associated with more frequent advanceas predicted. However, no signifi-

cant internal disequilibrium effects were demonstrated with respect to

mean map drawing performance. In an effort to resolve these'apparentlyY

contradictory findings, a post hoc analysisexamined th number and direction

,

of changes in scores from pretest to posttest And from pr test to delayed

posttest: This itemrby-item examination compared pretest scores for each
o

concept/feature with respective scores on the post and delayed posttests.

Items, on which the subject improved were designated as "plus;" items which

remained at the pretest levet were recorded as "same," and those items

which were classified at a lower level on thelater map drawings were

scored "minus," in all cases without -regard to the size of the_ change.

Analysis of variance on the ratio.of total changes (plus and minus)

to total numbeli:of responses (plus and minus and same) on the posttest

indicated a significant main effect of Level Mixture (F454=5:17,

as follows: .,Higher mixture was associated with more raw change, i.e.

fewer responses remained unchanged from pretest to posttest (Table 8),.

,1
Two internal comparisons 'by orthogonal-. 1 df contrasts indicated that .while

0016
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t

f
the mid mix versus low mix difference was suggestive (F1,54

=3.34,
10;.07),

high mix subjects made significantly more changes thank did mid and low

mix subjects combined (F =L59,
-1,54

,T1,14.1.11.+,.....*.amb
Insert Table 8 about here

Moreover, while analysis 9f-the ratio of plus changes to total changes
t

(Table 9) failed to demonstrate a main effect of Level Mixture (F2,54 =1 :23,_

11<.30), there was a'significant effect of Level Mixture oft the ratio of

O
minus changes to total changes as shown in Tablk 10

.(F2;54=4.98,

wl.thhigherlikernal disequilibrium associated with more minus changes- froM

pre :to posttest. Internal comparisons by 1 df. contrasts showed that mid

mix subjects were similar to low mix subjects. .(F2,542.43, 2;7.10), Imi't

that high mix subjech'made more minus changes as compared to mid and low

mix subjects combined (111,54=7.59, 114.01). Similar analyses on pre to

delayed posttest changes showed identical patterns of results but failed

to reach statistical significance (Tables 8, 9, and 10)..... ......
Insert Tal,lea 9 and 10 about here

The above post hoc analyses begin to clarify the paradoxical results

obtained.for the effects of internal disequilibrium (i.e. for Level

Mixture). For examplechanges in concept/feature scores froM level three

to four as well .as those from level five to four both facilitated advance

in Modal Level (i;e:-100ement from level three to four). While Modal Level

advances occurred Significantly more'oftenamong high mix subjects, minue.~

changes also occurred more'often in this group, and those from level five

to four in effedt "cancelled out" plus changes from level three to four,

thus reducing the net gain in Map Drawing Mean among these subjects.

U 917.
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. Thus thehocesses of transition at a given point in development

may operate froM the "top downward" as well as from the "bottom upward"

((Langer, 1969a; Turiel, 1969, 1974). Apparent "regressions(' may actually

serve a. progressive function.

othesis 3--The Interaction of Internal with External DiSe uilibrium

')

The third hypothesis made no-detailed predictions but rather focused

on several general questions regarding (a) differential effects of low

external disequilibrium (0) on higher as compared to lower internal dis-

equilibrium, (b) differential effects of higher external disequilibrium

anCF+2)on higher as compared to lower internal disequilibrium, and

(c) the optimal combinationof external and internal disequilibrium to
14

facilitate developmental advance.

Effects'of external on internal disequilibrium. Table 11

changes-in Level Mixture from pre to posttest and from,pretest

summarizes

to delayed

posttest for a4l. subjects. Among,high internal. disequilibrium (high Level

Mixture) subjects in the 0 condition, Level Mixture decreased, both from

pre to posttest and from pre to'delayed pbsttest as well. This - latter

decrease was somewhat attenuated by a slight increase in'Level Mixture

from post to delayed posttest among these subjects. For low internal

disequilibrium subjects in the 0 condition, Level Mixture remained essentially

unchanged from pke to posttest,-but then decreased from. posttest to delayed

posttest. Chang s in Level Mixture among middle internal disequilibrium -

subjects in the/same condition were intermediate betweeh those ofAligh

and low mixture groups, showing a decrease from pre to posttest (but

less extreme than that in high mix), and a fUrther decrease from pOst to

delayed- posttest (but less .extreme than in the low mix group).

=1.1

Insert Table 11 about-here40.1. 01
30018
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Among middle and high internal disequilibrium subjects in the +1

and +2 Conditions taken together, the trend was a decrease in Level

Mixture, both from pre to posttest and from pretest to delayed posttest,
P

but the trend was less pronounced in°the mid-mix group. For low internal
...

disequilibrium subjects in the +1 and +2 conditions, however, the trend.

.

.was reversed; there were increases
*

in Level Mixture from pre to posttest's
...

and from pre to delayed posttest,as well.

To summarize the above trends, the 0 condition did,not'promOte

differential changes in Level Mixture among higher as compared with

loWer internal disequilibrium subjects. By the delayed posttest, all

internal disequilibrium group; in the 0 condition showed similar reductions

in Level Mixture. The +1 and +2 conditions taken together, however;

facilitated increases among low mirsubjects and decreases among high 'mix

'and mid'mix subjects, as had been suggested in HypothesiS 3.

, The concept.of Bias. The results to this point indicate that both

external and internal aspects of'disequilibrium contributed to change in

map drawing levels and th,ai the effects of external on internal dis-

equilibrium were relatively systematic. In order to'begin:OXamination of

more complex interactive relationships (and more than a beginning Is beyond.

.
the scope of this study), it was necessary to include an additional aspect

of disequilibrium, die Bias indicator. The Bias indicator is an attempt

to add a measure of "directionality" to tite simple index of variation

around the mode provided by Level Mixture. In the extreme case of "mirror-

image" response profiles, where identical patterns of response-frequencies

occur but on oppOsite Sides of the mode, Modal Level and Level Mixture

indicies are identical (see Figure 1). While these two profiles are
,

'30019
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therefore indistingnishable with respect to mode and"mixture we believe

that they are indicative of'quite different, developmental states. These

states are direCtly related to the issue of readiness.for advance and

are distinguishable through the indicator of. directionality called Bias.

The operational definition of Bias focuses on the distribution of

non-Modal Level responses for each subject: A greater number of responses

at levels above the mode than below is designated positiveBiasi and con-
.

versely, more responses below the mode than above is designated negative

Bias (Figure 1). To illustrate the predictive poWer of the Bias index,

85% of all advanced in Modal Level on the delayed posttest occurred among'.

the positive Blab subjectd,,who thpmselves cotprisdd but 62% of,the safnple.
N4

-

Moredver, while 45% (17 of 38) of all positive Bias subjects advanced

(irrespective of treatment or inixture), only 13% (3 of 23) of negative Bias

,subjects did so. This difference in proportionSadvancing is statistically

significant (X1=6.05, 114(.02).

Optimal conditions for advance. Specification of conditions most

conducive to developmental advance (with respect to Modal Level) is enhanced

by adding the Bias indicator to the other indicies. For example, 11 of 21

high Level Mixture subjects advanced in Modal Level on the delayed posttest;

of these, nine had positive Bias indicies. Similarly, 18 of 42 subjects

exposed,to the +1 or +2 conditions had advancedin Modal Level by the

delayed posttest; 15 of the 18 advancing were positive Bias subjects.

Moreover, when higher internal and higher external disequilibrium subjects*

are considered together, 10 of 15 high mix subjects in +1 and +2 advanced

in Modal Level, and eight of those 10 advancing were positive Bias subjects.

In terms'of Modal Level advances then, changes occurred with greatest frequency

among high Level Mixture, positive Bias subjects following the +1 or +2

treatments.

.0 0 0 240
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Thus, Bias provides added precision to prediCtions concerning develop-

mental advances of theokinds that have been investigated in this study.

The results therefore suggest that a more fine-grained characterization

of internal diseqUilibrium s'tatearequires'indicies of directionality as

well as measures of dispersion. While the present study was nog designed

to include analyses based'on differential strengths of Bias, and while

the number of positive and negative Bias subjects was uneven across mixture
o

.t
and treatment groups, our predictions of shifts in Modal Level are nonetheless

enhanced_ by including the Bias indicator.

Relative Effects of the +1 and +2 Conditions
't

c

Results showing thatadvances of more than one-Modal Level or step in

the sequence were extregely. rare are consistent with ourpredictions and

with piiOr research on both moral reasoning aneobjectclassification.

Failure to obtain the predicted differential effect when the +1 treat-

ment was compared.taith the +2 condition, however, is apparently inconsistent

with the same prior research and with Piaget's formulation as well.

The meaning of this mixedpatternof treatment effedts may be informed

by consideration of differences between moral reasoning (the subject of

moat previous studies) and map drawing. Evidence suggests that moral judg-

gents form a sequence of qualitatively different products whiCh, through

the first several levels are essentially guaranteed by qualitative changes

in cognitive capabilities (Kohlberg, 1971; Piaget, 1932). Advance through.
0

the more sophisticated moral judgment levels appears to result frdm socio-

cultural variables interacting with formally operational cognitive structures

(Kohlberg, 1971; Kohlberg & 1974; Turiel; 1969). Differences

among judgments at all levels in the moral development sequence, hoWever,

are thought to belualitative in nature (Rest'ot al., 1969).

021
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, In contrast an examination of the map drawing sequence suggests that

hiie advance through all.six levels may be Mediatedby qualitative changes

in cognitive capabilities, changes in the map drawings themselves are

qualitative only ecit levels one through four. At level four a map drawing

incorpOrated with somaophidtication all of the essential chatacteristics

. .*' C....
.

. of a two-dimensional representation of three-dimensional space. Thus,

improvement from a level f'our,to a higher level map may be accomplishea.

by applying qualitatively differentcondeptual operations.to the production

of more accurate scaling of sizes and distances, improvements which are

themselves'oantitative in nature-

%
This view of the map drawing sequence suggests that while qualitative

advances in cognitive ability may be-necessary in order to produce a level

five map, the ely different maps which served as "target" models

in the present study may have posed less difficulty in comprehension than

do qualitatively, different moral judgments also separated by one level.

While the available'data do not permit confirmation or rejection of this

possibility, it is consisteLt with informal observation of the training

sessions, with our knowledge of subjects' prior experience with maps at

level five (+2) or higher, and with the pattern of results obtained..

Subjects had no apparent diffiCulty understanding the target. maps

.N

at level five; pat is, they were able to complete the activities outlined

.

in the training booklet and
.

were able to do so in approximately the same
.

time aswithlevel four (+1) target maps. In addition, all subjects had

had considerable practice working with level five and level. six maps in

the context of their standatd social studies curricula froth first grade on.

Thus, our analysis of the map drawing sequence suggests that both the

level five and level four target maps could be comprehended, but.that
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improvements in Subjects" production of posttest maps were constrained
4

by a lack of requisite changes in conceptual capabilities,capabilities

limited to a single level of advance in the sequence. Therefore, while

target maps at both level five and level fbur were similai in their effects

4.%
on-overall performance, changes in Modal Level we re,always to +1 in both

treatMents.

T
Within,all three treatmeAkta there was a.strong tendency for subjects

to change re4PonseS'in the direCtion of the target map, that is, in the

directiOn'from which external ftisequilibrium was applied: In +1 and +2,'

Where the target level was higher.than the subject's mode, the general

trend was progressive And is reflected insignificant increases in both

Map Drawing Mean and Modal Level; there was essentially no change in the

means of these variables following the 0 treatment. For subjects in the

.
0 condition, responses tended to further accumulate at target level three,

and this is reflected in a precipitious drop in Level Mixture on the

delayed posttest across all three internal'disequilibrium grokips following

the treatment (Table 11).

The above trends are also evident in the post hoc analysis of number

and direction of changes on the concept/feature scores. The ratio of plus
e:

changes to total responses on the delayed posttest (Table 9), for example,

showed a significant main effect of external disequilibrium,with subjects

in +1 and +2 making higher.proportions of plus changes than did subjects

in 0- (E2, 52=7.64, 1!.(.002). Similarly, there was a significant treatment

effect demonstrated on the ratio of minus changes to total respOnses

.(112 5e4.16, Ir,.03) with subjects T 0 making more minus changes than

did subjects in the +1 and +2 conditions'(Table pil. Moreover, for subjects
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in the 0 condition, while pretest Modal Level resOnses tended, to remain

at level three (i.e. at the target level) on the delayed posttest (84% did

so), 56% of those responses below the mode advanced to the mode, and

52Z of the responses above the mode on the pretest regressed, to or toward

the mode on the delayed posttest.
.

Instability and consolidation. The patterns of change in the present

study may be further informed through more detailed ecosideration of the:

concepts of "instability" and "consolidation" (cf. Flavell & Wohwill, 1969;

Strauss, 1972) as they relate to; the interaction of internal with external

disequilibrium. Strauss for example, in summarizing a series of studies,

says of internal disequilibrium:

Children who displayed {Level] mixture were more likely than

those who displayed no measured [level) mixture to...

transform their cognitive structures. One can interpret

this to mean that [level) mixture may be an inherently unr

stable state that is pakticularly susceptible to change

(1972, p.338).

While over the course of normal development this susceptibility is

typically described as "readiness" for advance, Strauss (1972).suggests

that higherjevel mixture is also indicative o ower "Consolidation" of

the emerging abilities, meaning that they may be more likely to regress

in favor of a lower, better consplidated level:

30,024
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One would imagine that a child who recently learned rules

of application to weight problems [or to map drawing] is less

likely to reject [lower levell information than a child who

has learned the same rules...and who has consolidated them... .

for a considerable period of time (p. 350, emphasis added).

Our analyses show that higher Level Mixture is associated with more

advances in Modal Level (TableO. and with more total changes in concept!'
A 9

feature scores (Table.0; thus reinforcing the notion that higher internal

digequilibrium is inOiCative of greater susceptibility to change. While

the results indicate a general tendency to move from any existing cognilve

level toward .any level of external disequilibrium that is encountered,

this study made no ditect attempt to induce regressive change in well-

consolidated structures.4yery little of such change in fact occurred.

Nond'of.the subjects showed / downward shift in Modal Level from three

to'two, and of the 750 concept /feature scores at level three on the pre-
.

test, only 4% (31 responses) regressed to level two on the delayed posttest.

.The bulk of change from the best consolidated level (i.e.; the Modal Level)

was progreisive--87% of those Modal Level responses changing from pretest

to 'delayed posttest moved to a more advanced level. Most regressive

change then, occurred from less well consolidated (i.e. less frequently used).

cognitive levels to better consolidated levels as suggested by Strauss (1972).

Demand characteristics. The present study used explicit instructions

tnaicating that the'target level map was a "good" model to be copied, and

is therefore open to a "demand characteristics" interpretation of its tendency

to induce changes in the direction of external disequilibrium. While such

a view-is not inconsistent with the patterns of change in both the 0 condition--
41,

for-which it is the authors' preferred interpretation--,and.in the +1

t)0025
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treatment, a cognitive developmental view appears necessary to integrate

the results from +1 and +2. The patterns of/change following the +2

condition suggest that althgugh developmental change was generally toward

any more advanced (buecomprehensible) model, more fine-grained analysis

also revealed change away from the model but toward the emerging" cognitive

level. Thug,:the patterns of regressive,changes in +2 were similar to.

those in +1, witheresponses at levels five and six tending to move to .

level four. The movements--toward the model in +1, but away from the model

in +2--are in both cases toward the emerging Modal ,Level and contribute

to its elaboration and consolidation. Neither a demand chatacteristics

nor a "developmental/ interpretation is alone sufficient to account for

the pattern of results Obtained, and there is evidence to suggest that

.
both influences affec d performance. knaturalistic, longitudinal exami-

nation of level-to-level transition is currently in preparation to provide

direct, evidence on the consolidation phenomenon,as it may more typically

occur.

Summary of findings c(Jt

Our findings support the following conclusions about the role of

developmentally dppropriate interventions:

1. Progressive developmental change is unlikely to occur under conditions

of minimal external disequilibrium

2. Under conditions of sufficient external disequilibrium, all subSects

tend tochange progressively, regardless of.their,initial state. Examining

the interactions of three variables -- internal disequilibrium, external

disequilibrium, and Bias--helps to give form to the developmental advances

as they occur among groups of subjects exposed to prescribed environmental

experiences:

0
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Nliat
)

(A) Lower internal diSeiluiliPritm (i.e. lower Level Mixture) subjects

-e?

are-uitlIkel3i to adi.rance in Modal Level (73% did not) but are likely

to show increased Map DrawingMean and increased Level Mixture when

exposed to appropriate instructional experiences (80% did both).. In

other words, It nofttransitional" subjects tend to become tore transitional

following t ent.-

(B) High internal disequilibrium subjects with negative Bias tend
i

)
to Onsolidate their current Modal Level and to

s

elaborate more ad-
.

f

vancedevelao_aslls to shift from negative to'positive Bias

(80% did so): 'While these su ects thus show increased D ing

. .

Mean scores, they>typicallY retain the same.Modal Level (again,;80%

did.so Moreover, although Level Mixture generallydecreased amon

high mix subjects following +1 and +2 (Table 11); most of thedecr ase

is ,accounted for by po'sitive Bias subjects (see beim') with high mi

negative Bias subjects showing an average drOvcif only, 2.6 pointso.
in Level ±Icture. Thus, these already.transitionaI,subjects (high mix,

I
.

,

.,
.

,a

,negative Bias) become "more" transitionalfollowing trainirig maintaining_

a relatively high degree of Level Mixture and shifting from negative

to positive Bias, bUt usually retaining the same Modal Level.

(C) High internal disequilibrium, positive Bias subjects are the

e, "most" transitional and are very likely to advance in Modal Level,
- 0 ,

concomitaritly to Shift from positive to negative-Blas (80% did both).

As indicated, most 9f the decrease' in Level Mixture for all high mix
.

subjects in +1 and +2-occurs among the'high mix, positive Bias sub7

4
:jectS (D=--15.00). These "most" transitional subjects prior ,to training

are therefore less transItionat4fiergard--showing decreased Level_

...,
, .

.

S
, .

,

11 -.
1

,

a.0 I) 2 7
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Mixture and ashift from positive to

tional atIa higher Modal Level. Because of the contributiOn of

26.

negatiVe'Bias--but less transi-,.

.
. _

changes in concept feature scores from both above and below the

0 .

mode toward the new Model
,

Level, subjects in this roue tend to
.

show somewhat less, of an increase in Map Drawing Mean than do high

mix negative Bias subjects..

Conclusion:- Trends in the data have suggestWd the
4following generalize-

.

tions as guides to future research:
J a .

(1) External disequilib046 determinei ily the direction of

discrepancy between existing and presented c ave. modes and is therefore

an.important factor influencing the direction of change.'

(2)- Internal disequilibtium relates to instability and may therefore

be seen to affect primarily the amount of change.

(3) Under conditions conducive'to progressive change, Bias distinguishes
,

between those subjects likely to advance in Modal Level and those likely.to

undergo further elaboration and consolidation of the current level,i.e. to

advance in mean performance but not in.Modal Level.

The present study was not extended sufficiently to determine if the

"most" transitional subjects and the nontransitional subjects would eventually

exchange their positions in the course of time as they mOved_tbrough develop-

manta). levels. The conceptual framework stimulated by the results of the

present study, however, offers a means to begin the investigation of this

_and-other aspects of developmeiltal change level of detail heretofote

not possible.
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Table 1

Level6 of Spatial Reasoning Development-as Revealed in Hap Drawing

(adapted from Piaget & Inhelder, 1948)

Level 1: No spatial correspondence except for a few elementary proximities.

Characterized by child's' inability to distinguish between

spatial proximity and logical resemblance or between spatial

separation and logical difference. Yields objects on map which

donot appear on model and objects on model which are not repre-

sented on map. -Arrangement appears virtually arbitrary.
#

.Level 2: Partial coordination.

4

Characterized by recognizable but inconsistent logical and

numerical correspondence. Spat)al correspondence often con-

founded with logical resemblance or limited to small groups of

proximal objects and isolated left right relations without an

overall spatial plan. RepreSentation limited to one dimension

(i.e. uses frontal view) with detail and proportion essentially

unrelated to model.'

Level 3: Midway between partial and beginning of general coordination.

Characterized by inconsistent coordination, i.e. reasonable

logical and numerical correspondence but with a mixture of

perspective (e.g.: frOntal, 450, 90°) and viewpoints, in poor.

but recognizable proportion, to model. Larger groups of objeCts

now linked together to produce primitive overall representations

of model, often with "photograph-like" detail.

.) 0 3
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Table 1 (continued)

Level,4: Beginning.of general projective and Euclidean coordination.

Characterized by items in good logical and numerical cor-

respondence and arranged according to a crude two-way system of

reference (i.e. width and depth) with a" consistent 450 or 900

perspective. A legitimate two-dimensional representation4 of

the model often with some evidence of abstraction, but with as

yet inaccurate scaling--relative sizes of objects often pro-
.

portional, but distances (especially heights in the 45° per-

spective) remain distorted.

Level 5: Mastery of distances and proportions.

Characterized by complete coordination of logical and

numerical with spatial correspondences. Although not formally

scaled with metrics and fractional reduction, an adequate

diagrammatic representation of the model. A consistent 900

perspective with clear evidence of abstracticm and symbolization.

Level : The abstract plan with metric coordinates.

Characterized by complete coordination, totally accurate

scaling, a consistent 908perspective, and use of abstract symboli-

zatton.

00034
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Table 2

Feature Clusters and Spatial Concept Used in'Scoring Drawings

(after Snyder, Feldman; and Laiossa, 1975)

FEATURE CLUSTERS

1. Buildings -- easily identifiable logical class; regularly shaped;

'obvious third dimension, but relatively easy to represent.
%

2. Hill, bridge, island, other elevated land- -among major features

of Modal; relatively large; irregularly shaped; three dimensional;

more difficult to represent.

3. Lake, river,' roads, driveways, parking lots - -major flat surfaces

of model; easily represented. .

4. Trees, fence, motor vehicles, flagpole, bushesrelatively, small,

more "incidental" features of model; obvious third dimension;

relatively difficult to represent.

5. All inclusive score--all content combined, the "map as a whole."

SPATIAL CONCEPTS (adapted froM Piaget & Inhelder, 1948)

I. Arrangemfttemphasizes'topological concepts In lower levels

and Euclidean concepts, i.e. , systeMs of coordinates, in advanced

levels.

II. Proportionemphaei46 Euclidean concepts, similarity.

III.. Perspective--emphasizes projective concepts.

IV. Abstraction / Symbolization -- emphasizes pictorial conventions.
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Effects of External Disequilibrium

Tabl 4

Summary, of Level-Related Characteristics Emphasized by

Each of the Instruction Conditions

LEVEL 3--(2) Condition:

35

A. Arrangement- -dual emphasis on logical and mathematical correspondence

(i.e. same "kinds" and "number" of items).and on simple topological

relations (i.e. left-right, before-behind, etc.).

B. Proportion -- emphasis on primitive correspondence if' relative

size of items (i.e. hill.bridge,lake> any house, etcd:

C. Perspectiveno direct emphasis; indirect exposure to mixed

perspective and viewpoints via target map.

D. Abstraction /Symbolization - -no direct emphasis; indirect exposure

tcl. detailed representation via target map.

LEVEL 4.,-(41) Condition:

A. Arrangement--emphasis on construction of crude system of two -way

reference (i.e. locate items in appropriate quartile of map);

indirect incorporation of logical and mathematical correspondence

via target map and through numerical comparisons of items in

each quartile.

B. Proportion -- emphasis on accurate reproduction of small differences

in relative size of items; indirect, exposure to inaccurate repro-

duCtion of distances via target map'.

C. Perspective -- emphasis on consistent 90° perspective (i.e. "A map':'

is like looking down.").

D. Abstraction /Symbolization --no direct emphasis; indirect exposure

to limited abstraction associated with a realistic 90° perspective

via target map.

o 37



. Effects of External Disequilibrium 36

LEVEL 5 (+2) Condition:

A. Arrangement--emphasis on relatively sophisticated system of

Table 4 (continued)
O

o

two-way reference (i.e. locate
dk
items in appropriate sextile of

map); indirect incorporation of logical and mathematical cor;--

respondence via target map and through numerical comparisons

of itemsd.n each sextliaz.

B. Proportion--emphasis on accurate reproduction of-small differences

In relatiVe size of items and on maintenance of accurate inter-

object distances.

C. Perspective--no direct emphasis; indirect exposure to a

consistent 900 perspective via target map.

D. Abstraction /Symbolization -- emphasis on use of icons and labels

to allow the elimination of considerable detail from map and

yet permit identification of items.

0035
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Effects of External Disequilibrium
0

0

Figure Captions

1' Figure 1. ustration of positive and negative Bias profiles.

The two histograms show two subjects with identical Modal Level and

44(if

Level Mix score,a but with different valence Biases, one positive and

one negative. Positive Bias is thought to reflect the child's "readiness"

for advance to the next level, while negative bias is belieVed to indicate

the child's "readiness" for consolidation of the existing Modal Level.

a
Mcidal Level for both.subjects is 3
Level mix for Subject 1, positive bias,is calculatld,below:

L-M= 1(2+5)+2(1+4)+3(0)+4(0+5(0) = 74-10'= 17 = .85
20 20' 20.

Level Mix for Subject 2,
0

negative bias, is calulated as'below:

L-M = 1(5+2)+2(4+1)+3(0)+4(0)+5(0) = = 17 =0,85
20 20 20

By convention, Level Mix is multiplied by 100 to remove the decimal
point, thus yielding identical level mix indicies of 85 for these
subjects.
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